A visual consensus feedback mechanism for group decision making (GDM) problems with complementary linguistic preference relations is presented. Linguistic preferences are modelled using triangular fuzzy membership functions, and the concepts of similarity degree (SD) between two experts as well as the proximity degree (PD) between an expert and the rest of experts in the group are defined and used to measure the consensus level (CL). A feedback mechanism is proposed to identify experts, alternatives and corresponding preference values that contribute less to consensus. The novelty of this feedback mechanism is that it provides experts with visual representations of their consensus status to easily 'see' their consensus position within the group as well as to identify the alternatives and preference values that should be reconsidered for changing in the subsequent consensus round. The feedback mechanism also includes individualised recommendations to those identified experts on changing their identified preference values and visual graphical simulation of future consensus status if the recommended values were to be implemented.
Introduction
Subjectivity, imprecision and vagueness in the articulation of opinions pervade real world decision applications, and individuals usually find difficult to evaluate their preference using exact numbers. In these cases, individuals might feel more comfortable using words by means of linguistic labels or terms to articulate their preferences [1, 2] . Let L = {l 0 , . . . , l s } be a set of linguistic labels (s ≥ 2), with semantics underlying a ranking relation that can be precisely captured with a linear order:
Assuming that the number of labels is odd and the central label (l s/2 ) stands for the indifference state when comparing two alternatives, the remaining labels are usually located symmetrically around that central assessment, which guarantees that a kind of complementary or reciprocity property holds as in the case of numerical preferences [3] . Thus, if the linguistic assessment associated to the pair of alternatives (x i , x j ) is r ij = l h ∈ L, then the linguistic assessment corresponding to the pair of alternatives (x j , x i ) would be r ji = l s−h . Therefore, the operator defined as
The main two representation formats of linguistic information are [2]: the cardinal, which is based on the use of fuzzy sets characterised with membership functions and that are mathematically processed using Zadeh's extension principle [1]; and the ordinal, which is based on the use of the symbolic computational model [2] . Although the latter representation is able to capture some of the linguistic information to model, it is in fact processed using mathematical tools that are not appropriate for ordinal information but for information provided using a difference or ratio scale. Evidence of this is that the ordinal linguistic model is mathematically equivalent to the cardinal approach with fuzzy sets represented using a representative element of the corresponding membership functions, an example of which is the centroid [4] . Therefore, the uncertainty nature of the information is lost in the ordinal linguistic computational model. Furthermore, the linguistic cardinal approach is richer than the ordinal linguistic approach, not only because it has the latter one as a particular case but also because it provides a more flexible tool for GDM with LPRs because different types of fuzzy sets are possible to be used depending on the type and intensity of the imprecision and vagueness contained in the linguistic information to model.
In particular, convex normal fuzzy subsets of the real line, also known as fuzzy numbers, are commonly used to represent linguistic terms [5] [6] [7] . By doing this, each linguistic assessment is represented using a fuzzy number that is characterised by a membership function, with base variable the unit interval [0, 1], describing its semantic meaning. The membership function maps each value in [0, 1] to a degree of performance representing its compatibility with the linguistic assessment [1] . This paper focuses on the use of triangular fuzzy numbers to model linguistic information, which leads to the so-called triangular fuzzy complementary preference relations (TFCPRs) [8] because they extend both numeric preference relations and interval-valued preference relations.
GDM problems generally involve situations of conflict among its experts, and therefore it is preferable that the set of experts reach consensus before applying a selection process to derive the decision solution. There are two basic consensus models in GDM: the static consensus models [9] and the interactive consensus models [10] . The former does not implement any type of feedback mechanism to advice experts on how to change their preferences in order to achieve a higher consensus level while the latter does. Existing interactive consensus models methodology
